Experimental evidence of intrinsic noise induced coherence resonance in a glow discharge plasma is being reported. Initially the system is started at a discharge voltage (DV) where it exhibited fixed point dynamics, and then with the subsequent increase in the DV spikes were excited which were few in number and with further increase of DV the number of spikes as well as their regularity increased. The regularity in the interspike interval of the spikes is estimated using normalized variance (NV). Coherence resonance was determined using normalized variance curve and also corroborated by Hurst exponent and power spectrum plots. We show that the regularity of the excitable spikes in the floating potential fluctuation increases with the increase in the DV, upto a particular value of DV. Using a Wiener filter, we separated the noise component which was observed to increase with DV and hence conjectured that noise can be playing an important role in the generation of the coherence resonance. From an anharmonic oscillator equation describing ion acoustic oscillations, we have been able to obtain a FHN like model which has been used to understand the excitable dynamics of glow discharge plasma in the presence of noise. The numerical results agree quite well with the experimental results. * pankaj.shaw@saha.ac.in † debajyoti.saha@saha.ac.in
I. INTRODUCTION
Noise is omnipresent in all natural systems and plays a beneficial role in the dynamics of nonlinear systems yielding interesting results [1, 2] . There are many studies which have revealed that noise can play a constructive role like noise induced order in chaotic dynamics [3] , stochastic [4] [5] [6] [7] and coherence resonances [8] [9] [10] [11] . Noise can be divided into two categories: extrinsic and intrinsic. The extrinsic noise can originate from the environment [12] and an external noise generator in experimental systems, whereas intrinsic noise is generated due to an interplay between the components of the systems and could be of small amplitude.
But at sufficiently large values this intrinsic noise can also affect the deterministic dynamics of the system. Of particular interest is the phenomenon of stochastic resonance [4, 6, 7] (SR) in which the addition of random noise amplifies the pre existing subthreshold deterministic signal and has been observed in many systems such as physical [13] , chemical [14] , electronics [15] , biological [16] and numerical model like FitzHughNagumo (FHN) [17] . Coherence resonance [9] [10] [11] (CR), which is also called autonomous SR or internal signal SR, is an emergence of regularity in the dynamics under the influence of purely stochastic perturbations. In CR, the maximum regularity is achieved at an optimum noise amplitude which has been observed in many experimental systems: optical [18] , electrochemical [10] , chemical reactions [19] , electronic monovibrator circuit [15] as well as in numerical simulation of the standard model like FitzHughNagumo (FHN) model [9, 11] , thermochemical system model [20] . The most important characteristic of CR is that the time scale of induced oscillations is determined by the intrinsic dynamics of the system. Plasma being a nonlinear and a complex medium with numerous free energy sources which are expended by giving rise to several instabilities [21] [22] [23] which in turn interact to produce a background plasma noise of broadband nature ranging from low frequency ion acoustic modes to high frequency electron plasma oscillations. The common sources of intrinsic noise in experimental systems also include the plasma fluctuations [24] , photons and fast neutrals in the system [27] . Though they are small, they are widely used in estimating the plasma temperature and other parameters. The theme of this paper is to explore the effects of this kind of noise in generating coherent spikes when plasma is treated to be an excitable medium. There are several research works on the external noise induced dynamics in the plasma system [25] as well as reports on the observation of CR in glow discharge plasma under the influence of external noise perturbation [25] but we have observed the same phenomena without any application of external noise.
In this paper, we present experimental investigations on intrinsic noise induced dynamics in a glow discharge plasma. Power spectrum and normalized variance (NV) have been used to analyze the time series of floating potential fluctuation. We have also estimated that the intrinsic noise level increases with the discharge voltage (DV) and hence conjecture that it could be playing a vital role in the observation of the CR phenomena as seen by the dip in the NV plot. The resonance phenomena has been also verified using the Hurst exponent and power spectrum. To understand the experimental observations, a FHN like model derived from an anharmonic oscillator equation for ion acoustic oscillations is considered.
Since our experimental results reveal that the intrinsic noise plays a role in the dynamics of the system, we included in the numerical model a forcing term consisting of a bias and a Gaussian noise. The Gaussian noise is understood to play the role of the intrinsic noise present in the experimental system. The rest of the paper is structured as follows: In Section II, we describe the experimental setup, followed by the results of the analysis of the floating potential fluctuations using normalized variance, Hurst exponent and power spectrum plot in Section III. In Section IV, we looked for a similar effect, i.e. CR phenomena, in a FHN like model. Conclusions and summary of the results are presented in Section V.
II. EXPERIMENTAL SETUP
The schematic diagram of the hollow cathode dc glow discharge plasma device [25] is shown in Fig. 1 . It has a cylindrical cathode of length and diameter ∼ 17 cm and ∼ 10 cm respectively and a central anode rod of diameter ∼ 1.6 mm. The operating pressure was about .37 mbar and the discharge voltage could be varied from 0 − 1000 volts. The floating potential fluctuations were measured using a Langmuir probe connected to an oscilloscope.
The typical value of electron temperature, ion temperature and density are estimated to be approximately 1 − 2 eV , 0.1 eV and 10 9 cm −3 respectively.
FIG. 1. Schematic diagram of experimental setup

III. RESULT AND DISCUSSION
The glow discharge plasma can exhibit a wide variety of nonlinear phenomena depending upon the choice of operating pressure and discharge voltage (DV). For the purpose of the present experiments, we started the system at a discharge voltage ∼ 478V where it exhibited fixed point behavior, and then the DV was increased monotonically and floating potential fluctuations were recorded. It is evident that the value of the computed NV will be lower for the more regular induced dynamics. For purely periodic dynamics, the NV will be zero. Fig. 3 is the experimental NV curve as a function of DV. Higher value of NV at DV 481 V indicates the irregular nature of the spikes. It is seen that NV decreases with the increase in the DV indicating the enhancement in regularity and maximum regularity is achieved at DV ∼ 488 V. Further increase in DV leads to irregularity in the system. The minima in NV curve suggests that the phenomena is similar to coherence resonance. Generally, noise is responsible for the CR so we have estimated the intrinsic noise level with the help of wiener filter subroutine in matlab. Fig. 4 shows the intrinsic noise level as a function of DV depicting the enhancement The estimation of characteristic correlation time (τ ) using normalized autocorrelation function has been shown as one of the measures of coherent behavior [9, 19] . The occurrence of a maxima in the τ vs noise amplitude curve at the point of maximum regularity has been reported for the coherence resonance phenomena [9] . It is well known that the Hurst exponent can also be used as a measure of temporal correlation. Hence, to further characterize the coherence resonance behaviour, we evaluated the Hurst exponent estimated using rescaled range analysis (R/S) method [26] . The value of H = 0.5, < 0.5, > 0.5 and 
IV. NUMERICAL SIMULATION
Keen et al. [29] had derived an anharmonic oscillator equation for ion acoustic instabilities treating plasma as a two fluid model with source terms to contribute to the nonlinear effects. In an effort to understand the intrinsic noise induced CR in our experiments, we obtained an excitable FHN like model from the anharmonic oscillator equation for ion acoustic instabilities [28, 29] . The anharmonic oscillator for the ion density perturbation is given by
where n 1 , α, λ, µ and ω 0 are the perturbed plasma density, ionization term, coefficient of two body recombination, coefficient of three body recombination and ion acoustic frequency respectively.
By normalizing the above equation using τ = ωt; x = n 1 /n 0 ; p = α/ω; q = 2λn 0 /ω;
By using a Liénard-like coordinate, Eq. 2 can be decomposed into the following system of two first order equation:ẋ
by rearranging the parameter, we have obtained a FHN like model given by
where ǫ, a, b and c are 1/s, p/s, q/s and r/s respectively.
The difference between the original FHN model and our present equation is the presence of the quadratic term. Although there is no explicit externally applied noise present in the experimental system, we consider the situation where noise is generated intrinsically. In order to investigate the behaviour of the nonlinear oscillations in the presence of an external discharge voltage, we include an additional biasing term k and a noise term r * ξ on the right hand side of Eq. 6. ξ is a Gaussian noise term and r represent the strength of the noise.
This model does not exactly represent the experimental system at a microscopic level, but we expect to describe the excitable dynamics of glow discharge plasma as this model looks similar to FHN model. Since the above phenomena were observed in the small window phenomena. This result also shows a good agreement with the result obtained from the numerically computed NV curve.
V. CONCLUSION
Intrinsic noise induced coherence resonance has been observed in a glow discharge plasma. and drift towards the cathode-anode gap. We hope our finding is helpful for studying the interaction of the intrinsic noise and plasma modes in plasma system and these results may be utilized to characterize various plasma based devices like plasma coating devices to improve their efficiency, plasma lasers to optimize the lasing output where intrinsic noise can play a beneficial role. Understanding the role of intrinsic noise therefore can be an important contribution to the study of excitable systems.
